Background: We have hypothesized that the problem of dyslipidemia in peritoneal dialysis (PD) patients lies beyond certain levels of plasma lipoprotein and involves cardiovascular risk, but can also influence the development of chronic intraperitoneal inflammation. Objectives: The aim of our work was to define whether the association of dyslipidemia with intraperitoneal inflammation really exists and if it could it be used in a prospective cohort of PD patients. Patients and Methods: We performed a cross-sectional, single-center, pilot study involving 40 nondiabetic PD patients (27 men and 13 women with an average age of 49.3 ± 12.2 years). The median time on PD was 29 (18.5-37) months. The parameters dialysis adequacy, blood lipid profile, and the concentrations of tumor necrosis factor (TNF)-α, monocyte chemoattractant protein (MCP)-1, and interleukin (IL)-10 in peritoneal dialysate effluent (PDE) were determined. Cohen's d effect size was computed post hoc to determine the differences between groups in the concentrations of pro-and anti-inflammatory mediators. Results: PD patients with atherogenic dyslipidemia had significantly high levels of MCP-1 com-pared with dyslipidemia-free patients (Cohen's d = 1.32). A reduced high-density lipoprotein cholesterol level was associated with a high intraperitoneal production of the proinflammatory mediator TNF-α (p < 0.0001) and anti-inflammatory IL-10 (p < 0.0001). Atherogenic index of plasma was directly correlated with MCP-1 (p < 0.0001) and TNF-α (p < 0.0001). In multiple regression analysis, MCP-1 appeared to predict PD inadequacy (R 2 = 0.58; F ratio = 9.4; p = 0.006) independently of age and blood C-reactive protein level. Effect size was 1.38 with α = 0.05, n = 40, and 3 predictors. Conclusions: Our cross-sectional pilot study first demonstrated a close interaction between the atherogenic lipid profile and a high concentration of MCP-1 in PDE; this might be a prognostic marker for PD inadequacy. The potential significance of our finding is that it provides useful preliminary information necessary for further research into this area.
Introduction
It is a well-known fact that patients with peritoneal dialysis (PD) have lipid profiles that are more atherogenic than in nondialyzed and hemodialysis patients [1] [2] [3] . Both the protein loss in the dialysate and the use of glu-DOI: 10 .1159/000503632 cose-based solutions might contribute to this condition [4, 5] . Moreover, PD treatment leads to body weight gain and can be a potential cause of accelerated atherosclerosis and chronic inflammation [6] [7] [8] . In turn, chronic inflammation is closely associated with impaired nutritional status and peritoneal membrane and PD technique failure [7] .
We hypothesize that the problem of dyslipidemia in PD patients is beyond certain levels of plasma lipoprotein and involves cardiovascular (CV) risk but can also influence the development of chronic intraperitoneal inflammation. Recent clinical and experimental studies have demonstrated the crucial role of high production of tumor necrosis factor (TNF)-α and monocyte chemoattractant protein (MCP)-1 in peritoneal fibrosis [9] [10] [11] . In response to TNF-α secreted by peritoneal macrophages, peritoneal mesothelial cells synthesize various cytokines and thus enhance the inflammatory signal [9, 12] . The main function of MCP-1 is to attract peritoneum monocytes/macrophages and their activation [13] . It has also been demonstrated that TNF-α and MCP-1 are atherosclerosis-promoting chemokines, and that cytokines with anti-inflammatory activity (including interleukin [IL]-10) released into the abdominal cavity suppress the expression of numerous proinflammatory mediators and reduce the influx of macrophages [14] [15] [16] . However, there are no reports available on the effects of dyslipidemia on intraperitoneal inflammation and PD adequacy.
We performed a pilot study on PD patients, with the following aims: (1) to characterize TNF-α, MCP-1, and IL-10 dialysate levels; (2) to define whether the association of dyslipidemia with intraperitoneal inflammation really exists; (3) to determine the ways this could be used in a prospective cohort study in PD patients. The study hypothesis was that atherogenic lipid profile correlated with pro-and anti-inflammatory mediators in peritoneal dialysate effluent (PDE) and, respectively, PD adequacy.
Patients and Methods

Study Design and Subjects
This cross-sectional, single-center, pilot study is part of an ongoing project which is being run by the State Institution "Institute of Nephrology of the National Academy of Medical Sciences" in Kyiv, Ukraine. The study involved 40 nondiabetic PD patients who had been treated with continuous ambulatory peritoneal dialysis (CAPD) for ≥3 months with the usual hospital stay (4-5 h during the day and 8-10 h at night). The duration of PD therapy at this study entry (at baseline) was 29 (18.5-37) months. All patients received commercially available, glucose-based Dianeal PD solution (Baxter Inc.,) of various strengths (1.36 and 2.27%), and Icodex-trine. We excluded the patients with malignant diseases, diabetes, a history of peritonitis, or a significant illness/hospitalization in the previous 3 months.
Clinical and Laboratory Measurements
Patient demographics including age, gender, comorbid conditions, hypertension, and medicine use were obtained from the medical records of the patients at our hospital. Laboratory tests were evaluated during the clinic visit at the time of PDE collection for measurement of immune mediators.
Whole-blood samples were collected from the patients after an overnight fast during the routine outpatient visit. The blood samples were processed immediately after sampling.
Routine biochemical parameters including blood and daily dialysate concentration of urea and creatinine, serum albumin, Creactive protein (CRP), glucose, electrolytes, and lipid profile parameters were carried out using an automatic analyzer (Flexor Junior, Vital Scientific, Spankeren, The Netherlands). Hematological parameters of blood were determined using an ABX Micros-60 analyzer (Viollier, France).
Blood lipid profile parameters included triglyceride (TG), total cholesterol (TC), high-and low-density lipoprotein cholesterol (HDL-C and LDL-C), and very low-density lipoprotein cholesterol (VLDL-C). The atherogenic index of plasma (AIP) was calculated from plasma triglyceride and HDL-C (log [TG/HDL-C]). Atherogenic dyslipidemia was defined as a combination of low plasma levels of LDL-C ≥2.59 mmol/L and elevated TG ≥2.26 mmol/L, according to the K/DOQI clinical practice guidelines for managing dyslipidemia in chronic kidney disease [17] . Body mass index (BMI) was also calculated.
Dialysis adequacy was determined by measuring total weekly creatinine clearance (CrCl) (normalized to 1.73 m 2 of the body surface area) and total weekly urea clearance (Kt/V) using the Watson formula for body water [18] . Peritoneal Kt/V, plasma Kt/V, and renal Kt/V were estimated separately. The dialysate-to-plasma creatinine ratio (D/P) was calculated from the concentrations of creatinine in the 24-h dialysate and plasma; we used a standardized procedure for peritoneal equilibration test (PET) proposed by Twardowski et al. [19] .
Immune Mediators Measurements in PDE
All samples for biomarker assessment were obtained from the overnight PDE (from exchanges with 2 L 1.36 or 2.27% glucose dialysate) before the test, and then stored at -80 ° C until analysis.
The TNF-α, MCP-1, and IL-10 concentrations were detected in PDE using STAT FAX-303 PLUS and commercially available enzyme-linked immunosorbent assay (ELISA) test kits (Diaclon, France; DRG, Germany; Ukrmedservice, Ukraine) according to the manufacturers' protocols.
Statistical Analysis
Analysis and all graphs were performed using MedCalc (Belgium). The average mean and SD or the median and interquartile range (Q25-Q75) were calculated according to a normal distribution. For the statistical analysis, we used the Student t test and nonparametric Mann-Whitney U test.
Cohen's d effect size was computed post hoc to determine the differences in pro-and anti-inflammatory mediator concentrations between the groups (no a priori power analysis was possible because pilot data were not available). Post hoc power analysis was Kidney Dis 2020;6:35-42 DOI: 10.1159/000503632 The values are expressed as mean ± standard deviation (M ± SD) or as median and interquartile range (Median (Q25-Q75)) or n (%). The values are compared between the groups using the chi-square test, t test and Mann-Whitney U test as appropriate. AIP, atherogenic index of plasma; ACE, angiotensin-converting enzyme; BMI, body mass index; CrCl, creatinine clearance; CRP, C-Reactive Protein; Hb, hemoglobin; HDL-C, high-density lipoprotein cholesterol; iPTH, intact parathyroid hormone; LDL-C, low-density lipoprotein cholesterol; RAAS, renin-angiotensin-aldosterone system; TC, total cholesterol; total Kt/V, total weekly Kt/Vurea; VLDL-C, very low density lipoprotein cholesterol. DOI: 10.1159/000503632 performed using G*Power software v3.1.9.4. The effect size calculators for 2 independent groups (mean ± SD) with different sample sizes and nonparametric Mann-Whitney U test were used according to a normal distribution [20] . In addition, due to the small statistical power in PDE TNF-α concentrations in the different groups, we also calculated required sample sizes using post hoc Cohen's d values for future large-scale research.
Categorical variables were expressed as proportions and the χ 2 test was used for the comparison of 2 groups. Pearson's or Spearman's (as appropriate) correlation test was used to evaluate relationships of immune mediators with lipid profile biomarkers and PD adequacy parameters.
A multiple linear regression (step-wise method) was fitted to assess possible predictors of low PD adequacy. The AIP and IL-10 concentration values were transformed before inclusion into the model because they were nonnormally distributed. Cohen's f 2 was used to calculate effect size in the regression analysis according to the following conventions: small effect for values < 0.15, moderate effect for values 0.15-0.34, and large effect for values > 0.35 [20] .
The null hypothesis was rejected if the p value was < 0.05.
Results
Basic Data on Patients
Forty patients (27 men and 13 women) were enrolled in this study at our center. Their mean age was 49.3 ± 12.2 years and median time on PD was 29 (18.5-37) months. Demographic and clinical characteristics of the study participants are presented in Table 1 . All data were obtained during routine clinical practice immediately after study enrollment.
Dyslipidemia was identified in 70% of the patients (28/40), although most of them (18/28, 64.3%) did not take lipid-modifying agents ( Table 1) . The subjects without atherogenic dyslipidemia were younger and less obese. They also had lower systolic blood pressure and better glucose control than the patients with atherogenic dyslipidemia. Moreover, BMI ratios were directly correlated with VLDL-C levels (r = 0.42, p = 0.007).
In addition, there were significant differences between groups in the duration of PD treatment, daily urine output, D/P creatinine ratio, plasma weekly Kt/V, weekly creatinine clearance, and daily peritoneal ultrafiltration. It is important to note that the PD patients with atherogenic dyslipidemia had significantly lower levels of diuresis (p = 0.002), daily peritoneal ultrafiltration (p = 0.01), plasma weekly Kt/V (p = 0.004), and weekly creatinine clearance (p = 0.02) compared with the dyslipidemia-free patients ( Table 1) .
Analysis of Cytokine Profiles in PDE
The average levels of IL-10, MCP-1, and TNF-α in PDE were 7.5 (5.9-145.0), 19.7 (14.0-24.8), and 7.6 (5.05-13.4) pg/mL, respectively. PD patients with atherogenic dyslipidemia had significantly high levels of IL-10 and MCP-1 compared with dyslipidemia-free patients (Table 2) .
However, it should be noted that while a d value of 1.32 was found for the comparison of MCP-1 between the groups, a small effect size (0.45) was observed for the comparison of TNF-α. Besides, no significant effect size was defined for detecting the difference between IL-10 concentrations, indicating a false-positive result. A minimum sample size of 82 participants was required to demonstrate a statistically significant difference in TNF-α, with an α value of 0.05 (two-tailed), a medium effect size, and a power (1-β error probability) of 0.80.
Correlational Analysis of Cytokine Profiles in PDE
Spearman's correlation analysis was performed to investigate the association of the lipid profile with the examined pro-and anti-inflammatory mediators. A reduced HDL-C level was associated with a high intraperitoneal production of the proinflammatory mediators TNF-α (r = -0.69; p < 0.0001; Fig. 1a ) and anti-inflammatory IL-10 (r = -0.76; p < 0.0001; Fig. 1b ). AIP was The values are expressed as mean ± SD or as median and interquartile range (Me (Q25-Q75) ). The values are compared between the groups using the chi-square test, t test and Mann-Whitney U test as appropriate. IL-10, interleukin 10; MCP-1, monocyte chemoattractant protein -1; TNF-α, tumor necrosis factor-alpha.
Kidney Dis 2020;6:35-42 DOI: 10.1159/000503632 directly correlated with MCP-1 (r = 0.64; p < 0.0001; Fig. 1c ) and TNF-α (r = 0.75; p < 0.0001; Fig. 1d ).
There was no statistical association of the examined immune mediators with each other (Table 3) or with other lipid profile parameters (data not shown).
Univariate and multiple linear regression analysis were performed for the examined cytokines, to evaluate their influence on dialysis adequacy. In the univariate analysis, the high intraperitoneal production of both TNF-α and MCP-1 was found to be the explanatory factor for low dialysis adequacy in PD patients with dyslipidemia (Table 4 ).
In multiple regression, only MCP-1 appeared to predict PD inadequacy (partial correlation coefficient R 2 = 0.58; F ratio = 9.4; p = 0.006), independently of age and blood CRP level; TNF-α did not demonstrate significance in this analysis.
Post hoc power analysis was conducted to determine the risk of a type II error. Effect size for multiple linear regression analysis with α = 0.05, n = 40, R 2 = 0.58, and 3 predictors was 1.38. Power (1-β error probability) was predicted at 0.99, suggesting an adequate sample size to observe meaningful relationships among the factors. 
Discussion
The problem of dyslipidemia observed in PD patients and its effect on cardiovascular and all-cause mortality risks has been well described in previous studies [1, 5, [21] [22] [23] [24] . However, specific reports on the association of lipid metabolism disorders and immune response in PD patients are limited [11, 25, 26] . Moreover, the strict link between dyslipidemia and chronic intraperitoneal inflammation has never been demonstrated before. To our knowledge, this study is the first cohort study to describe a significant association between the atherogenic lipid profile and a high intraperitoneal production of pro-and anti-inflammatory mediators in PD patients.
In this pilot study, we investigated the possible association of lipid abnormalities with intraperitoneal inflammation and PD efficiency. There are 2 main findings. First, the PDE MCP-1 level was found to be higher in patients with dyslipidemia in comparison with dyslipidemia-free patients. Second, MCP-1 was found to be an independent determinant of PD inadequacy. Post hoc analysis indicated that the study was adequately powered to detect the differences mentioned above.
The association of dyslipidemia with daily peritoneal ultrafiltration and residual renal function in PD patients has been demonstrated in previous studies [27] [28] [29] . Specifically, it has been reported that high-transporter PD patients were at increased risk of atherosclerosis from chronic inflammation [29] . In addition, the relationship between the decline of HDL-C and the deterioration of residual renal function has been described [27, 28] . In accordance with these reports, we showed a significantly lower D/P creatinine ratio, daily peritoneal ultrafiltration, and urine output in the dyslipidemia condition. Accordingly, a statistically significant decrease of weekly plasma Kt/V and creatinine clearance were observed in our PD patients with an atherogenic lipid profile when compared to the dyslipidemia-free patients.
Available data have reported the results of a crucial role of IL-10, TNF-α, and MCP-1 in atherogenesis [11, 14, 30] . On the other hand, these mediators are involved in accelerated insulin resistance and peritoneal fibrosis [16, 31, 32] . This particular problem became the basic reason for our initial selection of this cytokine panel.
It has been demonstrated that IL-10 can inhibit effect in atherosclerotic lesions [11, 33] . Its inactivation accelerates atherosclerosis due to an increased infiltration of inflammatory cells and the production of proinflammatory cytokines [34] . In parallel with this evidence, in our study, a strong inverse correlation of the intraperitoneal production of IL-10 and blood HDL-C level in PD patients was also found. However, the post hoc power analysis did not confirm a significant difference in PDE IL-10 concentration in our sample.
TNF-α is known to be a multifunctional cytokine implicated in cell homeostasis and immune response regulation in various infectious states, lipid metabolism, and insulin resistance disorders [11, 35] . TNF-α has been also found to play a key role in developing and accelerating the progression of atherosclerosis [35, 36] . Earlier, Espinoza et al. [37] observed a positive linear correlation between TNF-α and plasma triglycerides in PD patients. They also described a loss of residual renal function in the hypertriglyceridemia condition. In our study, we did not find the association between TNF-α concentration in PDE and TG level. Nevertheless, we demonstrated a strong direct correlation of dialysate TNF-α level with AIP and an inverse correlation with HDL-C level. Furthermore, a small effect size (0.45) was observed for the comparison of TNF-α level in PDE between the patients with dyslipidemia and the dyslipidemia-free group. In our opinion, the small statistical power of the modest sample size (n = 40) could have played a role in limiting the statistical signifi- cance. Post hoc power analysis showed that approximately 82 participants would be needed for obtaining statistical power at the recommended 0.80 level.
MCP-1 plays a proinflammatory and atherogenic role in the pathogenesis of atherosclerosis [15] . MCP-1 has also been suggested to have a functional role in the initiation and progression of PD-related epithelial-mesenchymal transition of peritoneal mesothelial cells [31, 37, 38] . Thus, it is obvious that a high concentration of MCP-1 might affect PD adequacy parameters. In our previous reports, we illustrated the positive association between dialysate MCP-1 and PD technique survival in a general nondiabetic PD patient population [39, 40] . Taking into consideration that this study had a pilot design, we did not assert the unequivocal impact of dyslipidemia on intraperitoneal inflammation in PD patients. We suggest that there was a strong relationship between atherogenic dyslipidemia condition and high dialysate concentration of MCP-1 in this population. This finding is in agreement with other investigations that showed the direct correlation between MCP-1 concentration in dialysate and D/P creatinine ratio [41] , intraperitoneal inflammation in noninfected PD patients [42] , and an increase in all-cause mortality [13] .
Limitations
The interpretation of our results should be taken into account as our study has several limitations. First, it was a small-sample, pilot study performed in a single center, so our findings only revealed associations. Second, levels of cytokines were measured only once at enrollment. Third, we did not evaluate blood concentrations of cytokines. The analysis of the blood/dialysate cytokine ratio and correlation with the lipid profile will allow further insights in connection with the influence of dyslipidemia on subclinical intraperitoneal inflammation in PD patients. It is also important to stress that it was a crosssectional study, and, accordingly, causality could not be established. Despite these limitations, the associations observed indicate the potential contribution of atherogenic dyslipidemia in the development of local subclinical intraperitoneal inflammation.
Conclusions
In summary, our cross-sectional, pilot study first demonstrated a close interaction between atherogenic lipid profile and a high concentration of MCP-1 in PDE, which could be a prognostic indicator for PD inadequacy. However, bearing in mind that the results did not include a representative sample of PD patients, well-designed clinical trials will be required to establish the impact of dyslipidemia on PD adequacy.
Nonetheless, we suppose that the potential significance of our study is that it provides useful preliminary information necessary for further research in this area and may serve as the basis for future power calculations for large-scale research.
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